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1. SUMMARY 
1. The effects of lime and molybdenum applications on wheat and subterranean 
clover were studied further. 
(a) Wheat. In relation to lime use, my aim is to develop soil tests to be 
used to predict when a soil requires lime to produce maximum yield, and 
to predict the optimum rate of lime. 
Using the results from field trials commenced in 1980 and 1981 the soil 
parameters which may be used to predict lime responses in wheat have been 
narrowed down. From the relationships between soil data and lime 
responses it appears that soil pH (measured in 1:5 H20 or 1:5 N KCl), 
extractable aluminium (in 1:5 N KCl), and exchangable aluminium expressed 
as a percentage of total KCl- or NH4Cl- exchangable cations are poor 
predictors of the lime responsiveness of wheat on soils in the low 
rainfall areas of the wheatbelt. 
The soils are being analysed further to attempt to find an accurate 
predictor of lime response. Unfortunately, the Government Chemical 
Laboratories which do our analyses, are grossly understaffed, resulting 
in long delays in analyses being completed. 
To predict the optimum rate of lime to use on a soil it is necessary to 
be able to predict the effect of a given rate of lime on the soil 
properties of interest. It was found that laboratory meaurements of pH 
buffer capacity did not reflect the changes in soil pH induced by lime 
application at 13 field sites. 
Molybdenum responses in wheat were common in the 1981 growing season 
(Table 1). The biggest yield increases were on low yielding trials 
(80ME3 and 81M02). However, on average, molybdenum application increased 
yield by 130 kg/ha, or 15 per cent of the yield without molybdenum. All 
but one (81LG12) of these trial sites have previously received 
applications of molybdenum. 
Two long term trials (81M2 and 81LG12) were commenced to study the 
residual value of molybdenum on acid soils. 
(b) Subterranean clover grew poorly on all sites and, although molybdenum 
responses were observed they were not measurable because of the low 
productivity and high variability of the clover. 
2. Progress towards defining a model to predict acidification rates has been 
made. The conceptual framework of the model has been refined through 
studies of the scientific literature. 
3. A trial to obtain a first approximation of the effect of acidity on the 
effectiveness of phosphate fertiliser was commenced east of Hyden. 
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Table 1. 1981 field responses to molybdenum application on wheat where no lime 
had been applied 
Trial Location -Mo yield as Mo effect +Mo 
number percentage of significant? yield 
+Mo yield (kg/ha) 
79GE10 Wilroy 85 NS 980 
80GE5 Wilroy 80 NS 1,020 
80GE6 Gutha lOO NS 1,340 
81LG12 Hyden 86 ** 610 
80ME3 Wialki 53 * 200 
80ME4 Trayning 77 ** 1,400 
80M30 Mer red in 93 NS 1, 720 
80M04 Kalannie 72 * 280 
81M02 Kirwan 54 ** 580 
81NA4 Yealering 92 NS 600 
81N06 Cunderdin 94 NS 2,280 
79TS2 Perenjori 91 NS 1,050 
80TS6 East Perenjori 86 NS 840 
81TS1 East Perenjori 86 *** 1,140 
81M2 Mer red in 88 NS 1,.140 
4. Preliminary investigations into the economic importance of sub-soil 
acidity in the wheatbelt continued. In a small survey (36 sites) of the 
Merredin area about 40 per cent of the sub-soil samples (15-30, 30-60 cm) 
had pH values (measured in 1:5 water) less than 5.0. 
A trial (81TS30) was conducted east of Perenjori to determine whether 
sub-soil acidity influenced the yields of cereals. The yield of a range 
of cereals grown in acid sub-soils were compared with the yields of those 
cereals grown in adjacent, non-acid sub-soils. The rationale behind the 
trial was that if sub-soil acidity is important in determining cereal 
yields then the yield of acid susceptible cereals will be reduced in the 
acid sub-soils to a greater extent than the yields of acid tolerant 
cereals. It was found (Table 2) that the yield reduction at the acid 
sites were related to the acid tolerance of the crops. At the acid sites, 
barley, the most sensitive crop, yielded only eight per cent and 27 per 
cent of its yield at the non-acid site, whereas cereal rye yielded 61 per 
cent and 92 per cent of its .yield at the non-acid site. A significant 
observation is that if the acid tolerance of recommended wheat varieties 
could be increased to that of oats then the wheat yield at site 4NG would 
be doubled (though it would still yield poorly) and at site 4G would be 
increased by 60 per cent over the current varieties (Table 2). 
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Table 2. Yield reduction in relation to acid tolerance of cereals two sites 
with acid sub-soils 
Crops 
Barley 
Wheat- susceptible(!) 
-intermediate(!) 
recommended 
-tolerant<!) 
Oats, triticale 
Cereal rye 
(1) Estimated in laboratory 
Aluminium 
tolerance 
rating (2) 
1 
2 
3 
4 
5 
6 
(2) 1 = intolerant, 6 = very tolerant 
Yield at acid site as a percentage 
of yield at non-acid site(3) 
Site 4NG Site 4G 
8 
11 
17 
19 
38 
61 
27 
35 
62 
68 
100 
92 
(3) All top-soils were limed to ensure yield differences were not due to 
top-soil acidity. Gamenya yields: Site 4NG - 260 kg/ha1 Site 4G - 890 
kg/ha. 
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79GE10/2294EX 
"Lime and molybdenum on wheat, sub. clover and medic on an acid soil" 
P. Thomas, Wilroy 
Sown: June 2, 19~1 - 20 kg/ha Nungarin 
June 16, 1981 - SO kg/ha Gamenya 
Medic not resown 
Fertiliser: 200 kg Super eu Zn/ha 
SO kg Kel/ha 
100 kg Agran/ha (wheat only) 
Soil analyses 
Soil pH 
l:S H20 l:S Kel 
0 
1.9 
1980 1980 1981 
S.2 
s.s 
4.3 
4.9 
4.3 
S.l 
1980: Soil sampled July/August 1980 
1981: Soil sampled February/March 1981 
1980 pH (H20): 0.18 units/t lime/ha 
pH (Kel): 0.30 units/t lime/ha 
1981 pH (Kel): 0.42 units/t lime/ha 
Wheat (Gamenya) 
1981 
Al 
extr. in 
l:S Kel 
(ppm) 
12 
1 
1980 Plant analysis (whole tops, July 23) 
t lime/ha g Mo03/ha % N % p 
0 0 . 4.11 0.38 
420 4.40 0.38 
1.9 0 4.33 0.42 
420 4.44 0.43 
(two replicates) 
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1980 Kel exchangeable cations 
(meq/100 g soil) 
% ea 
0.38 
0.38 
0.40 
0.39 
ea Mg Al 
1.38 
2.00 
0.37 
0.3S 
ppm Mn 
210 
20S 
170 
lSS 
0.22 
0.02 
ppm Mo 
0.10 
0.24 
0.24 
0.87 
Visual assessment 
July 7, 1981 
August 11, 1981 
September 16, 1981 
- 1-2 leaf stage 
-Stage 5. Plant density (two replicates): 
336/m2; 2 t lime/ha: 247/m2 (NS) 
- Appeared to be a molybdenum response 
Vegetative yields (October 12, 1981) 
no lime: 
t lime/ha* Vegetative yield (kg DM/ha) 
0 
1.9 
Grain yield (kg/ha) 
0 
420 
* No molybdenum applied 
t = 1.439 (NS) 
t lime/ha 
0 1.9 
833 
978 
1021 
812 
3173 
3610 
Statistical analysis: Lime effect - NS 
Molybdenum effect - NS 
Lime x molybdenum- *(p 
Clover (Nungarin) 
Visual assessment 
0.025) 
July 7, 1981- Cotyledon to first trifoliate. Dense wild oats (3-4 leaf) 
August 11, 1981 - Approximately 12 leaves. No treatment effects apparent 
Nodulation (August 11, 1981) 
Parameter 
% plants nodulated 
Mean nodule size (mm) 
Mean nodule score 
Number of plants 
Grams/50 single plants 
t CaC03/ha* 
0 1.9 
lOO 
1.35 
3.4 
181 
7.84 
lOO 
1.43 
3.6 
168 
8.37 
* No molybdenum applied 
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Effect of lime 
significant? 
NS 
NS 
NS 
NS 
Medic (Swani) 
Visual assessment 
July 7, 1981 -Cotyledon to three trifoliate leaves. Very dense wild oats, 
capeweed (2-4 leaf) 
August 11, 1981 - Very marked lime response 
Nodulation (August 11, 1981) 
Parameter 
% plants nodulated 
Mean nodule size (mm) 
Mean nodule score 
Number of plants 
Grams/50 single plants 
t CaC03/ha* 
0 1.9 
76 
1.95 
1.6 
140 
2.94 
91 
1.8-3 
1.9 
167 
7.46 
* No molybdenum applied 
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Effect of lime 
significant? 
NS 
NS 
NS 
NS 
80GE5/3831EX 
"Acid soil - problem definition" 
P. Thomas, Wilroy 
Sown: June 16, 1981 - 50 kg/ha Gamenya on old wheat plots 
Fertiliser: Super lOO kg/ha 
Kel 50 kg/ha 
Agran 100 kg/ha (wheat only) 
Soil analyses 
teaeo3/ha Soil pH 1981 1980 Kel exchangeable cations 
1:5 H20 1:5 Kel Al 
1980 1980 1981 extr. in 
1:5 Kel 
(ppm) 
0 5.2 4.2 4.3 10 
0.38 5.2 4.4 4.5 7 
o. 77 5.4 4.4 4.5 6 
1.54 5.6 4.6 4.9 3 
3.08 5.8 4.8 5.6 1 
1980: . Soil sampled July/August 1980 (three replicates) 
19.81: Soil sampled February/March 1981 (two replicates) 
1980 pH (H20): 0.19 units pert eae03/ha (r2 = 0.88) 
pH (Kel): 0.21 units pert eae03/ha (r2 = 0.95) 
1981 pH (Kel): 0.42 units pert eae03/ha (r2 = 0.98) 
Wheat (Gamenya) 
1980 plant analysis - whole tops (July 24) 
Whole tops 
t lime/ha g Mo03/ha % N % p % ea 
0 0 3.23 0.30 0.39 
500 3.47 0.34 0.37 
3.08 0 3.34 0.33 0.40 
500 3.34 0.34 0.40 
(two replicates) 
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(meq/100 g soil) 
ea Mg Al 
0.75 0.15 0.18 
0.88 0.20 0.16 
0.92 0.15 0.12 
1.12 0.17 0.10 
1.10 0.15 0.06 
ppm Mn ppm Mo 
190 0.06 
190 0.38 
135 0.30 
145 2.1 
Visual assessment 
- One to two leaves. Weed free July 7, 1981 
August 11, 1981 - Stage 2 to 4. Appeared to be lime response (nils down) 
Plant density: No lime (-Mo) 285/m2, 2 T lime/ha: 
330/m2 (NS) 
September 16, 1981 - Nil lime, nil Mo (Block 3) appeared down on other plots. 
No other differences apparent 
Vegetative yields (October 12, 1981) 
Vegetative yield (kg DM/ha) 
Grain lield 
g Mo03/ha 
0 
500 
Mean 
0 
1.54 
(kg/ha) 
0 
818 
1028 
923 
(*) No molybdenum applied 
t Cac0 3/ha 
0.38 o. 77 
963 972 
1050 941 
1006 957 
1.54 
849 
1018 
933 
2789 
2861 
Statistical analysis: Lime effect - NS 
Clover (Nungarin) 
Visual assessment 
Molybdenum effect - * 
Lime x molybdenum - NS 
3.08 
1015 
988 
1001 
July 7, 1981 -Three to four trifoliate leaves. Dense capeweed just 
emerged (a few up to four leaves) 
August 11, 1981- Flowering (probably one week). Too weedy to rate 
Nodulation (August 11, 1981) 
Mean 
923 
1005 
964 
Parameter t CaC03/ha(*) 
0 1.9 
Effect of lime 
significant? 
% plants nodulated 
Mean nodule size (mm) 
Mean nodule score 
Number of plants 
kg seed/ha 
Grams/50 single plants 
( *) 
96 99 
1.58 1.34 
2.2 2.4 
190 169 
99 55 
5.48 5.74 
No molybdenum applied 
-10-
NS 
* 
NS 
NS 
NS 
e 
80GE6/3831EX 
"Acid soil - problem definition" 
T.H. Way, Gutha 
Sown: June lS, 1981 - Gamenya SO kg/ha on. old wheat plots 
- Nungarin 20 kg/ha on old clover plots 
Fertiliser: Super lOO kg/ha 
Kel SO kg/ha 
Agran lOO kg/ha (wheat only) 
Soil analyses 
teae03/ha Soil pH 1981 1980 Kel exchangeable cations 
l:S H20 l:S Kel Al (meq/100 g soil) 
1980 1980 1981 extr. in ea 
l:S Kel 
(ppm) 
0 4.9 4.0 4.0 20 1.08 
0.38 S.2 4.2 4.2 13 1.30 
o. 77 S.2 4.2 4.S 11 1.28 
l.S4 S.2 4.4 4.6 7 1.6S 
3.08 S.8 4.9 s.o 1 2.1S 
1980: Soil sampled July/August .1980 
1981: Soil sampled February/March 1981 (three replicates) 
1980 pH (H20): 0.2S units pert eae03/ha (r2 = 0.8S) 
pH (Kel): 0.27 units pert eae03/ha (r2 = 0.96) 
1981 pH (Kel): 0.31 units pert eae03/ha (r2 = 0.93) 
Wheat (Gamenya) 
1980 plant analysis (whole tops) (July 24) 
t eae03/ha g Mo03/ha % N % p % ea 
0 0 4.69 0.46 0.4S 
soo 4.16 0.38 0.3S 
3.08 0 4. 71 0.40 0.40 
soo 4.79 0.46 0.37 
(two replicates) 
-11-
Mg Al 
0.2S 0.36 
0.2S 0.22 
0.2S 0.30 
0.28 0·;.20 
0.28 0.09 
ppm Mn ppm Mo 
220 
220 ·0.36 
170 
160 
Visual assessment 
June 15, 1981: One to two leaves. Sparse capeweed just emerging. Plant 
density: No lime: 133/m2: 2 t lime/ha: l46/m2 (NS) 
August 12, 1981: Stage 3 to 5. No responses apparent 
September 16, 1981: Stage 10.5.1. No responses apparent 
Vegetative yields (October 12, 1981) 
t CaC03/ha (-Mo) 
0 
1.54 
Grain yield (kg/ha) 1981 
g Mo03/ha 
0 
500 
Mean 
0 0.38 
1225 
1225 
1225 
1207 
1491 
1349 
Vegetative yield (kg DM/ha) 
t = 3.958 
NS 
t CaC03/ha 
o. 77 
1355 
1395 
1375 
1.54 
1284 
1454 
1369 
3162 
3373 
3.08 
1318 
1308 
1313 
Statistical analysis: Lime effect - * (0.025) 
Clover (Nungarin) 
Visual assessments 
June 15, 1981: 
August 12, 1981: 
Molybdenum effect - * (0.025) 
Lime x molybdenum - *** 
Cotyledon. Dense capeweed (four to five leaves) 
Overrun by capeweed. No assessments made 
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Mean 
1278 
1375 
1326 
81GL5/3831EX 
"Components of soil acidity in an acid peaty sand from Albany" 
Nutrients: 
Other: 
KH2P04 
K2S04 
Cuso 4 .5H20 
ZnS0 4.7H20 
H3B03 
Mo03 
NH4N03 
CaS04.2H20 
MgS04.1H20 
CaC03 
3MgC03.Mg(OH)2.3H20 
Larissa clover sown July 29, 1981. 
107 mg/1.6 kg 
43 mg/1.6 kg 
7. 7 mg/1. 6 kg 
4.6 mg/1.6 kg 
0.64 mg/1.6 kg 
0.17 mg/1.6 kg 
26.7 mg/1.6 kg 
27.6 g/1.6 kg 
39.3 g/1.6 kg 
16.0 g/1.6 kg 
14.5 g/1.6 kg 
Severe salt toxicity in most pots due to high rate of MgS04 and MgC03 
Unaffected pots harvested September 14, 1981 
Nitrogen 
+ 
g dry matter per five plants 
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0.19 
0.31 
Lime 
+ 
4.76 
4.58 
81JE1/1616EX 
"Nutrient status definition trial" 
A.J.K. Slee, Ongerup 
Nutrients: KCl 
MgS04 
CuS04 
ZnS04 
H3B03 
MnS04 
Moo 3 
CoS04 
Treatments 
Complete (c) 
C-K 
.C-Mg 
c-cu-zn 
C-Mo 
C-B-Co-Mn 
100 kg/ha 
SO kg/ha 
5 kg/ha 
1.5 kg/ha 
5.0 kg/ha 
25 kg/ha 
200 g/ha 
100 g/ha 
C + Lime (1 t/ha) 
Super only 
Nil 
Fresh weight pasture (kg/ha) 
2470 
2610 
2800 
2420 
3000 
2820 
2240 
2100 
2540 
' No significant treatment effects 
._i • 
-14-
81JE2/3831 EX 
"Nutrient status definition trial" 
Trial not sown 
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81LG8/3831EX 
"Soil acidity and superphosphate effectiveness" 
K. Radbourne, E. Hyden 
Soil type: Deep yellow sand 
Vegetation: Tamma, Wodgil, Grevillea, Hakea 
History: Cleared 1980/81 fallow 
Lime: 3.0 t/ha topdressed April 3, 1981 
Sown: May 21, 1981, Halberd 50 kg/ha 
Fertiliser: Super cuzn Mo No. 1 200 kg/ha, 
KCl 78 kg/ha 
Visual assessment 
August 5, 1981 - Three to four tillers, five to seven leaves on main stem. No 
lime response apparent. Plant density (with or without lime) 
455/m2. 
Grain yield 
0 t lime/ha: 650 kg/ha 
3 t lime/ha: 720 kg/ha 
(Lime effect not significant) 
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81LG12/3831EX 
"Residual value of molybdenum on an acid soil" 
K. Radbourne, E. Hyden 
Site: Adjacent to 81LG8 
Sown: May 22, 1981 SO kg/ha Halberd 
Fertiliser: Super CuZnA 200 kg/ha 
(plain super + cuzn spray on treatment 10 May 26) 
KCl 75 kg/ha 
Agran 78 kg/ha 
Lime 60 kg/ha (where required) 
Observations: August 5, 1981 - Treatment 10 appeared extremely Cu deficient 
470 plants/m2. 
Yield 
Year of Mo 
application 
1981 
(1982) 
(1983) 
(1984) 
(1986) 
(1989) 
Never 
Treatment 
kg lime 
/ha 
0 
60 
0 
60 
0 
60 
Mo effect 
lime effect 
MO X lime 
kg/ha 
Vegetative 
yield 
2070 
2240 
2340 
2450 
** 
NS 
NS 
* Treatment which received a CuZn spray rather than super CuZn yielded 
significantly less than other treatments (p 0.05) 
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Grain 
yield 
700 
660 
590 
580 
620 
570 
640 
580 
640 
276* 
NS 
NS 
NS 
80ME3/3831EX 
"Acid soil - problem definition" 
T. Aitkin, Bencubbin 
~: June 3, 1981 - Gamenya 39 kg/ha on old wheat plots 
- Nungarin 18 kg/ha on old clover plots 
Fertiliser: Super 101 kg/ha 
KCl 51 kg/ha 
Agran 102 kg/ha (wheat only) 
Soil analyses 
(1) 0-10 cm pogo samples 
tCaC03/ha Soil pH 1981 1980 KCl exchangeable cations 
1:5 H20 1:5 KCl Al 
1980 1980 1981 extr. in 
1:5 KCl 
(ppm) 
0 4.8 4.2 4.2 35 
0.41 5.2 4.3 4.5 21 
0.76 5.1 4.4 4.6 . 16 
1.51 5.6 4.8 5.1 1 
3.02 6.1 5.2 6.0 1 
1980: Soil sampled July/August 1980 
1981: Soil sampled February/March 1981 
1980 pH (H20): 0.42 units/t CaC03/ha (r2 = 0.95) 
pH (KCl): 0.36 units/t CaC03/ha (r2 = 0.98) 
1981 pH (KCl): 0.59 units/t CaC03/ha (r2 = 1.00) 
(2) Profile (1981) 
(a) pH (1:5 lM KCl) 
Depth (cm) t,Lha 
(meq/100 g soil) 
ea Mg Al 
1.02 0.15 0.30 
1.32 0.20 0.25 
1.32 0.20 0.24 
1.80 0.20 0.11 
2.20 0.20 0.04 
CaC03 
0 (clover) 3.02 (clover) 3.02 (wheat) 
0-10 4.1 4.7 s.o 
10-20 3.9 4.0 4.2 
20-30 4.3 4.0 3.8 
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(b) Al (1:5 lM KCl ppm) 
Depth (cm) t/ha CaC03 
0 (clover) (clover) (wheat) 
0-10 29 21 17 
10-20 83 51 38 
20-30 51 60 79 
Wheat (Gamenya) 
1980 :elant anal;!sis (whole tops) 
t CaC03(ha g Mo03/ha % N % p % ea % K ppm Mn ppm Mo ppm B 
0 0 . 2.87 0.20 0.36 2.05 110 14 
500 2.75 0.18 0.32 1.85 100 0.50 11 
1.51 0 2.63 0.16 0.36 1.71 76 0.13 15 
500 2.60 0.17 0.36 1.70 67 12 
Sampled: July 30, 1980 (two replicates) 
Visual assessment 
July 7, 1981: TWo to three leaves. Old leaf burnt 
September 2, 1981: Wheat yellowing. All but youngest leaves burning off 
September 15, 1981: High lime wheat appeared paler. Tissue analysis 
(courtesy B. Goldspinck) indicates Zn deficiency induced 
by lime application 
Vegetative yields (October 14, 1981) 
t CaC03/ha(*) Vegetative yield (kg DM/ha) 
0 740 
1.51 410 
(*) No molybdenum applied 
t = 0.84 NS 
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Grain yield (kg/ha) 
0 
500 
Mean 
0 0.41 
108 
203 
156 
123 
176 
150 
t caco 3Lh_a 
0.76 
164 
154 
159 
1.51 3.02 Mean 
157 173 145 
204 173 182 
180 173 164 
Statistical analysis: Lime effect - NS 
Clover (Nungarin) 
Visual assessment 
July 7, 1981: 
September 2, 1981: 
Molybdenum effect - * 
Lime x molybdenum - NS 
Cotyledons to unifoliate plus some still emerging with 
yellow cotyledons 
Plants small. No responses apparent 
September 15, 1981: No responses apparent 
Nodulation 
Parameter 
% plants nodulated 
Mean nodule size (mm) 
Mean nodule score 
Number of plants 
g/50 single plants 
Clover seed yield 
kg seed/ha 
t CaC03/ha(*) 
0 1.54 
98 
1.88 
2.8 
160 
10.1 
99 
1.61 
3.5 
161 
9.7 
(*) No molybdenum applied 
gMo0 3/ha 
0 
500 
t caco 3;ha 
0 1.54 
45 
39 
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35 
Effect of lime 
significant? 
NS 
NS 
NS 
NS 
Significance 
NS 
80ME4/3831EX 
"Acid soil - problem definition" 
R. McAndrew, Trayning 
Sown: June 8, 1981 - 39 kg/ha Gamenya on old wheat plots 
- 18 kg/ha Nungarin on old clover plots 
Fertiliser: Super 101 kg/ha 
KCl 51 kg/ha 
Agran 102 kg/ha 
Soil analyses 
0-10 cm pogo samples 
Soil pH 
1:5 H20 1:5 KCl 
1981 
Al 
extr. in 
1:5 KCl 
(ppm) 
1980 KCl exchangeable cations 
(meq/100 g soil) 
1980 1980 1981 
0 5.2 4.4 4.3 12 
0.38 5.2 4.4 4.3 15 
o. 77 5.4 4.5 4.7 
1.54 5.4 4.6 5.0 
3.08 5.8 6.0 5.4 
1980: Soil sampled July/August 1980 
1981: Soil sampled February/March 1981 
1980 pH (H20): 0.17 units/t CaC03/ha (r2 = 
pH (KCl): 0.52 units/t CaC03/ha (r2 = 
1981 pH (KCl): 0.38 units/t CaC03/ha (r2 = 
PROFILE 
(a) pH (1:5 lM KCl) 
Depth (cm) 
0 (clover) 
0-10 4.1 
10-20 3.9 
20-30 3.8 
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4 
4 
2 
Ca Mg Al 
0 .94) 
o. 90) 
0 .94) 
tL:ha caco 3 
2.12 
2.05 
2.20 
2.67 
2.55 
3.08 (clover) 
4.9 
4.1. 
3.9 
0.58 0.13 
o.so 0.11 
0.52 0.08 
0.62 0.06 
o.so 0.04 
3.08 (wheat) 
. 4. 9 
4.3 
4.0 
(b) Al (1:5 lM KCl ppm) 
Depth (cm) 
0-10 
10-20 
20-30 
Wheat (Gamenya) 
Visual assessment 
July 7, 1981: 
0 (clover) 
29 
60 
54 
Two to three leaves 
t/ha CaC03 
3.08 (clover) 
5 
42 
79 
September 2, 1981: Stage 6-7. No response seen 
3.08 (wheat) 
5 
29 
71 
September 15, 1981: No response seen. Dense radish in all but plots 1 to 10 
Vegetative yield (October 14, 1981) 
t CaC03/ha (-Mo) 
0 
1.54 
kg DM/ha 
3670 
3497 
t = 0.513 NS 
Grain yield (kg/ha) 
g Mo0 3/ha t caco3Lha 
0 0.38 o. 77 1.54 
0 1080 1286 1213 1194 
500 1404 1377 1306 1383 
Mean 1242 1331 1259 1288 
Statistical analysis: Lime effect - NS 
Molybdenum effect - ** 
Lime x molybdenum - NS 
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3.08 Mean 
1398 1234 
1389 1372 
1393 1303 
Clover (Nungarin) 
Visual assessment 
July 7, 1981: 
September 2, 1981: 
September 15, 1981: 
Emerging to unifoliate 
No response apparent 
No response apparent 
Nodulation (September 2, 1981) 
Parameter 
% plants nodulated 
Mean nodule size (mm) 
Mean nodule score 
Number of plants 
g/50 single plants 
Clover seed yield 
kg seed/ha 
0 
500 
t CaC03/ha (-Mo) 
0 
97 
1.49 
2.6 
150 
15.8 
77b 
39c 
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1.9 
99 
1.26 
3.1 
163 
13.7 
1.54 
93a 
Effect of lime 
significant? 
NS 
NS 
NS 
NS 
·significance 
~. 
*** 
'7:52 
81ME4/3831EX 
"Rate of acidification of soils and the distribution of sub-soil acidity in 
the Merredin area (a survey in co-operation with G. Fosberry, Merredin)" 
Introduction 
Agriculture acidifies soils through using ammonium based nitrogen fertilisers 
(Helyar, 1978), through growing clover pastures (Williams, 1980) or through 
other, unknown ways. There is currently no estimate of the rate of 
acidification of soils in the wheatbelt in Western Australia. 
There are large areas of naturally very acid soils in the wheatbelt. There is 
also a lot of soil which is naturally slightly acid and which has a low 
buffering capacity so could quickly become very acid through the influence of 
agriculture. 
In extremely acid soils crop and pasture production is reduced, usually by 
toxicities of aluminium, manganese or hydrogen ions or deficiencies of 
calcium, phosphorus or molybdenum. OVercoming these problems can be an 
expensive procedure. 
If we can estimate how quickly soils are acidifying, then it is possible to 
estimate how long it will take for soils to become so acid that they need to 
have ameliorative treatments applied. The cost of these ameliorative 
treatments can be calculated and included as a long term cost of the 
agricultural system in use. 
The primary aim of this survey was to make an estimate of the rate of 
acidification of a number of wheatbelt soils. 
Acidity in sub-soils may inhibit the growth of roots. The production of crops 
or pastures on a fertile top-soil may be reduced when the top-soil dries out 
because the plant roots cannot explore adequately moisture reserves in the 
sub-soil. There are currently no good estimates of the abundance of acid 
sub-soils in the wheatbelt. 
Another aim of this survey was to determine the distribution of acid sub-soils 
in the Merredin area. 
Methods and results 
Soils were sampled at 36 sites in the Merredin area. All but five were in the 
area covered by the soil survey of Bettenay and Hingston (1961). To 
categorise the sites, vegetation at each site has been plotted against soil 
series in Table 1. The sites were allocated to a soil series on the basis of 
their position on the soil map of Bettenay and Hingston. No attempt was made 
to match the sampled profile with the profile description given by Bettenay 
and Hingston for each soil series. Thus, the accuracy of allocation of a site 
to a soil series depends entirely on the accuracy of the boundaries drawn on 
the soil map. 
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Table 1. Distribution of soil samples (n = 36) among soil series and 
vegetation types 
Percentage 
Ulva Boor on Danberrin Merredin CoUgar Not on 
series series series series series soil map 
Salmon Gum/ 
gimlet York Gum 6 8 0 6 0 3 
Mallee/Ti Tree 22 3 3 0 3 6 
White Gum 6 0 0 0 0 6 
Tamma/Jam 11 3 3 3 0 0 
Wodgil 8 ·o 3 0 0 0 
Percentage of 
all samples 53 14 9 9 3 15 
Percentage of 
Merredin area* 35 20 10 12 10 
* From Bettenay and Hingston, 1961 
The paddock soils ranged in pH (1:5 H20) from 4.8 to 8.3 and in pH (1:5 
NKCl) from 4.0 to 7.3, most of the samples being acid (Table 2) 
Table 2. Distribution of soil pH among paddock samples (0-10 cm bulk) 
Total 
23 
37 
12 
20 
11 
103 
87 
pH(x) pH measured in 1:5 H20 pH measured in 1:5 NKCl 
4.0-4.4 
4.5-4.9. 
5.0-5.4 
5.5-5.9 
6.0-6.4 
6.5-6.9 
7.0-7.4 
7.5-7.9 
8.0-8.4 
f(x) 
0 
1 
7 
13 
9 
2 
2 
0 
2 
% 
0 
3 
19 
36 
25 
6 
6 
0 
6 
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f(x) % 
7 19 
11 31 
11 31 
3 8 
2 6 
1 3 
1 3 
0 0 
0 0 
(1) Acidification 
Sites were selected to include a large area of bush adjacent to a paddock. 
Soil samples (20 pogo samples, 0-10 ern bulked) were taken from 10 m x 10 m 
areas from within the. bush and from the paddock near the bush. The samples 
were returned to the laboratory where pH (1:5 H20 and 1:5 NKCl) and 
conductivity (1:5 H2P> were measured. 
Paddock samples ranged ·from being about 1 pH unit more acid than bush samples 
to about 1 pH unit less acid (Table 3). On average, paddock samples were 
about 0.1 units less acid than bush samples. 
Table 3. Frequency of differences between pH of paddock soil and pH of bush 
soil 
pH (paddock) - pH (bush) 
(X) 
+0.8 to +1.0 
+0.5 to +0.7 
+0.2 to +0.4 
-0.1 to +0.1 
-0.4 to -0.1 
-0.8 to -0.5 
-1.1 to -0.9 
-1.4 to -1.2 
pH measured 
in 1:5 H20 
f(x) % 
2 6 
2 6 
11 31 
10 28 
6 17 
4 11 
1 3 
0 0 
Mean pH change: Measured in 1:5 H20:+0.lO units 
Measured in 1:5 NKC1:+0.08 units 
Sub-soil acidity 
pH measured 
in 1:5 NKCl 
f(x) % 
2 6 
6 17 
10 28 
5 14 
11 31 
1 3 
0 0 
1 3 
From within the area sampled in the paddock an auger hole was dug. A 15 to 
30 ern soil sample was taken from all sites and a 30 to 60 ern sample from all 
but three sites. The pHs of the samples were measured. 
The pH of the sub-soils ranged from 4.2 to 9.9 (measured in 1:5 water), 3.7 to 
8.3 (measured in 1:5 NKCl). Of the shallow sub-soils (15-30crn), six per cent 
had a pH (1:5 H20) less than 4.5 while 34 per cent had a pH less than 5.0 
(Table 4). Of the deeper sub-soils (30-60 ern) 12 per cent had a pH 
(1:5 H20) less than 4.5 while 41 per cent had a pH less than 5.0. 
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Table 4. Distribution of sub~soil pH among site in Merredin area 
pH(x) pH measured in 1:5 H20 pH measured in 1:5 NKCl 
15-30 cm 30-60 cm 15-30 cm 30-60 cm 
f(x) % f (x) % f(x) % f(x) % 
3.5-3.9 0 0 0 0 4 11 6 18 
4.0-4.4 2 6 4 12 13 36 9 27 
4.5-4.9 10 28 10 29 4 11 2 6 
5.0-5.4 4 11 3 9 4 11 5 15 
5.5-5.9 4 11 1 3 0 0 2 6 
6.0-6.4 3 8 2 6 4 11 2 6 
6.5-6.9 3 8 0 0 0 0 1 3 
7.0-7.4 2 6 6 18 1 3 0 0 
7.5-7.9 1 3 1 3 6 17 1 3 
8.0-8.4 1 3 0 0 0 0 5 15 
8.5-8.9 4 11 2 6 0 0 0 0 
9.0-9.4 2 6 4 12 0 0 0 0 
9.5-9.9 0 0 1 3 0 0 0 0 
Total 36 101 34 101 36 100 33 99 
Conclusions 
If the 37 sites sampled in this survey are representative of the Merredin 
area, then it appears: 
a) that acidification of agricultural soils has not occurred to a significant 
extent. This conclusion needs further testing as the survey was small and 
did not only concentrate on soils of low buffering capacity~ and 
b) that extremely acid sub-soils are widespread in the Merredin area. 
Information on what level of sub-soil acidity begins to affect plant 
growth is not known. 
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80M29/3831EX 
"Method of lime application" 
~: May 13, 1981 10 kg/ha Nungarin across plots 
10 k"g/ha Nungar in along plots 
(using TOO to reduce soil disturbance) 
Fertiliser: Super 100 kg/ha 
Herbicides: Sprayseed 1.0 1/ha - May 11, 1981 
Tribunil 660 g/ha - July 13, 1981. Light showers two hours after 
application 
Visual assessment 
July 8, 1981 
August 6, 1981 
- Two to three+ trifoliate leaves. Capeweed two to three 
leaves 
- Clover apparently burnt by Tribunil. Very sparse (Tribunil 
damage) 
September 3, 1981- Clover very small (Tribunil damage). No assessments 
possible 
Soil analyses 
tcaco 3;ha 
0 
0.277 
0.554 
0.730 
1.024 
1.995 
3.990 
Soil pH (1:5 KCl-1981) 
4.5 
4.5 
4.5 
4.6 
4.8 
5.0 
5.3 
1981: Soil sampled February/March 1981 
Three replicates 
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1981 
A1 
extr. in 
1:5 KCl 
(ppm) 
12 
10 
8 
6 
5 
2 
1 
80M30/3831EX 
"Acid soil - problem definition" 
Cultivations: May 26, 1981 soil wet 8 cm 
Sown: May 27, 1981 Gamenya SO kg/ha on old clover plots 
Nungarin 20 kg/ha on old wheat plots 
Fertiliser: Super 100 kg/ha 
KCl 56 kg/ha 
Agran 100 kg/ha (wheat only) 
Soil analyses 
tCaC03/ha Soil pH 1981 
1:5 H20 1:5 KCl Al 
1980 1980 1981 extr. in 
1:5 KCl 
(ppm) 
0 5.0 4.2 4.3 15 
0.38 5.2 4.4 4.5 6.5 
o. 77 5.4 4.6 4.7 1.5 
1.54 5.6 4.8 5.1 1 
3.08 6.1 5.4 5.6 1 
1980: Soil sampled July/August 1980 
1981: Soil sampled February/March 1981 
Two replicates 
1980 pH (H20): 0.34 units/t CaC03/ha (r2 = 0.99) 
pH (KCl): 0.38 units/t CaC03/ha (r2 = 0.99) 
1981 pH (KCl): .0.42 units/t CaC03/ha (r2 = 0.99) 
Wheat (Gamenya) 
1980 plant analysis (whole tops) 
1980 
t CaC0 3/ha g Mo0 3/ha % N % p % ea 
0 0 4.92 0.48 0.52 
500 5.06 0.48 0.51 
o. 77 0 4.97* 0.51* 0.48* 
1.54 0 4.73 0.50 0.51 
500 4.95 0.49 0.54 
Two replicates 
* One replicate only 
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KCl exchangeable cations 
(meq/100 g soil) 
ea Mg Al 
1.35 0.30 0.24 
1.68 0.30 0.14 
1.72 0.30 0.10 
2.00 0.32 0.06 
1.62 0.25 0.02 
ppm Mn ppm Mo 
190 0.17* 
190 0.70* 
140* 
145 0.42* 
135 2.10* 
Visual assessment 
July 8, 1981: 
August 6, 1981: 
September 3, 1981: 
September 15, 1981: 
Plots 16, 18, 20 not sown or partly sown. Three leaves. 
Plant density: No lime: 140/m2; 2 t lime/ha: 153/m2 
(NS) 
Six to seven leaves on main stem. No response apparent 
Stage 9-10. No response apparent 
Stage 10.5.2. Appeared to be a lime response 
Vegetative yields (October 15, 1981) 
t CaC03/ha (-Mo) Vegetative yield (kg DM/ha) 
0 
1.54 
Grain yield (kg/ha) 
g Mo03/ha 
0 
500 
Mean 
t = 0.519 NS 
0 0.38 
1596 
1719 
1657 
1659 
1738 
1699 
t CaC03/ha 
o. 77 
1738 
1753 
1745 
1.54 
1704 
1743 
1723 
3678 
3897 
3.08 
1803 
1784 
1793 
Statistical analysis: Lime effect - NS 
Clover (Nungarin) 
Visual assessment 
July 8, 1981: 
August 6, 1981: 
Molybdenum effect - NS 
Lime x molybdenum NS 
One to two trifoliate leaves. Capeweed three to four 
leaves. Plant density: No lime: 198/m2; 2 t lime/ha: 
179/m2 (NS) 
10 leaves. Capeweed dense. Difficult to rate clover 
growth. No response apparent 
Mean 
1700 
1747 
1724 
September 3, 1981: Flowering, probably about one month. No resonses apparent 
September 15, 1981: No responses apparent 
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Nodulation (two replicates) (September 3, 1981) 
Parameter t Caco 3;ha (-MO) Effect of lime 
0 1.9 significant? 
% plants nodulated lOO 100 NS 
Mean nodule size (mm) 2.39 2.16 NS 
Mean nodule score 3.3 3.8 NS 
Number of plants 108 107 
g/50 single plants 19.0 21.1 NS 
kg seed/ha (3 replicates) 57 79 NS 
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80M31/3831EX 
"Residual value of lime" 
Cultivations: May 23, 1981 scarified, 8 cm, damp 
Sown: May 28, 1981 Nungarin 20 kg/ha (plain) 
Fertiliser: Super lOO kg/ha 
Visual assessments: 
July 8, 1981: One trifoliate leaf. Capeweed two leaves 
August 6, 1981: Soil deposited from wash on SW third of plot 1. Dense 
capeweed and ryegrass. No response apparent 
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81M2/3831EX 
"Residual value of molybdenum on an acid soil" 
Cultivations: 
Sown: 
Fertiliser: 
Visual assessments: 
July 8, 1981: 
August 6, 1981: 
May 26, 1981 10 cm, soil wet 
June 3, 1981 Gamenya 45 kg/ha 
Super cuzn 200 kg/ha June 3, 1981 
KCl 75 kg/ha May 26, 1981 
Agran 75 kg/ha May 26, 1981 
Three leaves. Ryegrass two to three leaves, dense. 
Radish two to three leaves. Plant density: 100/m2. 
Tillering, six to eight leaves on main stem, stem 
elongating. No response apparent 
September 3, 1981: Stage 9-10. No response apparent 
September 1~, 1981: Stage 10.5. Possibly molybdenum response in Blocks 3 
and 4 
Yield (kg/ha) 
. 
Year of Mo kg lime/ha Vegetative yield Grain 
application (October 15, 1981) yield 
1981 0 2650 1520 
63 2280 1350 
1982 0 1330 
1983 0 1210 
1984 0 1370 
63 1110 
1986 0 1410 
1989 0 1380 
Never 0 ·2400 1300 
63 2740 1400 
Significance of lime effect NS NS 
Mo effect NS NS 
lime x Mo * NS 
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81MS/3831EX 
"Lime banding on acid soil for improved medic nodulation and Rh. melilotii 
survival" 
Cultivated: 
Sown: 
Lime: 
Fertiliser: 
Visual assessment: 
July 8, 1981: 
May 18, 1981, 8 cm, slightly damp 
May 21, 1981, 10 cm, slightly wet 
May 23, 1981 Serena 15 kg/ha 
3 t/ha May 21, 1981 
or drilled May 23, 1981 
Super CuZnMo 200 kg/ha May 20, 1981 
Agran strip 60 kg/ha May 27, 1981 
Three to five trifoliate leaves. Capeweed and ryegrass 
dense 
September 3, 1981: No response apparent 
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81M6/3831 EX 
"Lime banding on acid soil for improved sub. clover nodulation and Rh. 
trifolii persistence" 
Cultivation: 
Sown: 
Lime: 
Wheat 
May 22, 1981, 10 cm, soil damp 
May 26, 1981 
May 26, 1981 Gamenya, 45 kg/ha 
May 26, 1981 Nungarin, plain seed 20 kg/ha 
May 28, 1981 Nungarin, inoculated, 25 kg/ha 
May 26, 1981 3 t/ha 
Other rates drilled at seeding 
Visual assessment: 
July 8, 1981: 
August 6, 1981: 
Grain yield 
Liming method 
Mix 
Band 
Band 
Band 
Band 
Clover 
Three leaves. Dense ryegrass, some capeweed, radish 
Five to six leaves. Hoegrass damage. No responses apparent. 
Plant density l48/m2. 
Treatment 
.. i 
kg lime/ha· 
3000 
0 
50 
200 
800 
Treatment effect not significant 
Yield (kg/ha) 
460 
540 
520 
460 
510 
Visual assessment: 
July 8, 1981: 
August 6, 1981: 
Seed yield: 
One to two trifoliate leaves 
Aproximately eight leaves. No response apparent. 
density 230/m2. 
0 t lime/ha 114 kg/ha 
3 t lime/ha 114 kg/ha 
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Plant 
81M54/4231EX 
"Lime banding in acid sub-soil for wheat" 
Lime applied September 10, 1981 (Blocks 1 and 2) and September 15 and 16, 1981 
(Blocks 3 and 4) 
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79M027/l616EX 
"Definition of wodgil soil problem" 
D. Strickland, Pithara 
Sown: 
Fertiliser: 
Herbicides: 
Visual assessments: 
June 8, 1981 Nungarin, 20 kg/ha 
Super 99 kg/ha 
KCl 76 kg/ha 
June 4, 1981 Sprayseed 2 1/ha 
Tribunil? 
July 7, 1981: Cotyledon to unifoliate. Very dense ryegrass (one to 
three leaves) 
August 21, 1981: Flowering (about five days), plants small, affected by 
spray. No responses apparent. Two t lime/ha reduced 
plant density from 315/m2 to 285/m2 (p 0.02). 
September 16, 1981: No responses apparent 
Soil analysis 
t lime/ha pH (1:5 KCl) Al (1:5 KCl) 
0 
2 
4 
.Nodulation 
4.4 
5.0 
5.7 
16 
2 
1 
Parameter t lime/ha(*) 
0 2 
Effect of lime 
significant? 
% plants nodulated NS 95 99 
Mean nodule size (mm) NS 2.7 2.9 
Mean nodule score NS 1.15 0.85 
Number of plants 174 175 
g/50 plants NS 5.3 4.9 
(*) No molybdenum applied 
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Seed set (kg/ha) 
g Mo0 3/ha 
0 
800 
Lime effect: ** 
Mo effect: NS 
Lime x Mo: NS 
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0 
29 
30 
./ . 
t lime/ha 
2 
43 
40 
80M04/3831EX 
"Soil acidity - problem definition" 
G. Reynolds, Kalannie 
Vegetation: Casuarina campestris 
Hakea coreacea 
Sown: June 5, 1981 Gamenya 50 kg/ha on old wheat plots 
Nungarin 20 kg/ha on old clover plots 
Fertiliser: Super 99 kg/ha 
KCl 49 kg/ha 
Agran 98 kg/ha (wheat only) 
Herbicides: June 4, 1981 Sprayseed 2 1/ha 
Soil analyses 
tCaC03/ha Soil pH 1981 1980 KCl exchangeable cations 
1:5 H20 1:5 KCl Al (meq/100 g soil) 
1980 1980 1981 extr. in ea Mg 
1:5 KCl 
(ppm) 
0 4.9 4.2 4.3* 23* 0.71 0.16 
0.38 5.0 4.3 4.4* 21* 0.80 0.17 
o. 77 5.1 4.4 4.3* 13* 0.83 0.16 
1.54 5.4 4.7 4.5* 12* 1.12 0.18 
3.08 5.6 5.0 5.0* 3* 1.23 0.18 
1980: Soil sampled July/August 1980 (three replicates x two rates Mo) 
1981: Soil sampled February/March 1981 (three replicates) 
1980 pH (H20): 0.25 units/t CaC03/ha (r2 = 0.96) 
pH (KCl): 0.26 units/t Caco3;ha (r2 = 0.96) 
1981 pH (KCl): 0.23 units/t CaC03/ha (r2 = 0.90) 
Al 
0.37 
0.31 
0.31 
0.20 
0.12 
* Three replicates (-Mo) all other data are the means of six replicates (+Mo 
and -Mo) 
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Wheat (Gamenya) 
1980 plant analysis (whole tops) 
t CaC03/ha g Mo03/ha % N % p % ea ppm Mn 
0 
0.38 
0. 77 
3.08 
Visual assessment 
0 3.01 0.26 0.42 
500 2.86 0.24 0.36 
0 3.12* 0.25* 0.42* 
0 2.96 0.26 0.42 
500 3.16 0.26 0.41 
0 2.75 0.25 0.41 
500 2.84 0.25 0.39 
Sampled: July 30, 1980 (three replicates) 
* One replicate only 
147 
137 
150* 
133 
127 
117 
113 
ppm Mo 
0.08* 
0.23* 
0.07* 
0.58* 
0.08* 
0.50* 
July 7, 1981: Two to three leaves. Burnt tips on old leaves. Patchy 
crop 
August 26, 1981: Stage 5 to 6. No response apparent. Plant density: No 
lime 86/m2; 4 t lime/ha: 93/m2 (NS). 
September 16, 1981: Stage 10.2. Possibly molybdenum response 
Vegetative yields (October 13, 1981) 
t caco3;ha (-Mo) Vegetative yield (kg DM/ha) 
0 
1.54 
Grain yield (kg/ha) 
0 
500 
Mean 
0 
204 
284 
244 
t = 0.799 NS 
0.38 
265 
309 
287 
t cac03/ha 
o. 77 1.54 
272 241 
302 278 
287 259 
Statistical analysis: Lime effect - NS 
Molybdenum effect - * 
Lime x molybdenum - NS 
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850 
722 
3.08 
247 
228 
238 
Mean 
246 
280 
263 
Clover (Nungarin) 
Visual assessment: 
July 7, 1981: 
August 26, 1981: 
Unifoliate leaf. Sparse capeweed (two to four leaf) 
Plants 6 cm diameter, flowering two weeks or more. No 
response apparent. Plant density: No lime: 311/m27 
4 t lime/ha: 233/m2 (NS). 
September 16, 1981: No response apparent 
Nodulation (August 2, 1981) 
Parameter 
% plants nodulated 
Mean nodule size (mm) 
Mean nodule score 
Number of plants 
g/50 single plants 
Clover seed yield 
kg, seed/ha g Mo03/ha 
0 
500 
t CaCO)/ha 
0 
98 
0.95 
2.9 
188 
5.86 
t CaC03/ha 
0 
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32.2 
35.3 
(-MO) Effect of lime 
3.08 significant? 
lOO NS 
0.95 NS 
3.1 * 
166 
6.82 NS 
3.08 Significance 
37.0 NS 
7$()' 
80M05/3831EX 
0 Soil acidity - problem definition° 
J. Draffin, Kalannie 
Sown: June 4, 1981 Gamenya 50 kg/ha on old wheat plots (blocks 2 and 3 
grain topdressed by mistake) 
June 5, 1981 Nungarin 20 kg/ha on old clover plots 
Fertiliser: Super lOO kg/ha 
KCl 49 kg/ha 
Agran 98 kg/ha (wheat only) 
Herbicides: June 4, 1981 Sprayseed 2 1/ha 
Soil analyses 
(1) 0-10 cm pogo samples 
tCaC03/ha Soil pH 1981 1980 KCl exchangeable cations 
1:5 H20 1:5 KCl Al (meq/100 g soil) 
1980* 1980* 1981* extr. in Ca* 
1:5 KCl 
(ppm) 
0 5.0 4.2 4.3 20 0.92 
0.38 5.2 4.4 4.3 18 1.10 
o. 77 5.1 4.4 4.5 12 1.08 
1.54 5.4 4.6 4.5 8 1.17 
3.08 5.8 5.3 5.1 2 1.48 
1980: Soil sampled July/August 1980 (two replicates) 
1981: Soil sampled February/March 1981 (three replicates) 
1980 pH (H20): 0.25 units/t CaC03/ha (r2 = 0.95) 
pH (KCl): 0.34 units/t CaC03/ha (r2 = 0.95) 
1981 pH (KCl): 0.26 units/t CaC03/ha (r2 = 0.93) 
(2) PROFILE (1981) 
(a) pH (1:5 lM KCl) 
Depth (cm) tLha Caco3 
0 (clover) 3.08 (clover) 
0-10 4.2 4.8 
10-20 4.0 4.0 
20-30 4.0 4.0 
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Mg* Al* 
0.18 0.23 
0.20 0.10 
0.22 0.14 
0.20 0.10 
0.20 0.05 
3.08 (wheat) 
4.4 
4.0 
4.0 
(b) Al (1:5 lM KCl ppm) 
Depth (cm) 
0-10 
10-20 
20-30 
Wheat (Gamenya) 
0 (clover) 
25 
46 
59 
1980 plant analysis (whole tops) 
t CaC03/ha g Mo03/ha % N 
0 0 3.16 
500 3.26 
1.54 0 3.08 
500 2.92 
t/ha Caco 3 
3.08 (clover) 3.08 
2 17 
59 53 
81 83 
% p % ea ppm Mn 
0.29 0.42 190 
0.30 0.41 185 
0.31 0.44 155 
0.30 0.43 155 
Sampled: July 30, 1980 (two replicates except *, one replicate) 
Visual assessment 
July 7, 1981: Three leaves, patchy crop, patchy ryegrass 
August 27, 1981: Stage 6. No responses apparent. 114 plants/m2 • 
September 16, 1981: Stage 10.5.3. Molybdenum response 
Vegetative yields 
t CaC0 3/ha (-Mo) 
Grain yield 
0 
1.54 
Vegetative yield (kg DM/ha) 
t = 0.853 NS 
1521 
1366 
This site was not harvested due to hail damage. 
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(wheat) 
ppm Mo 
0.06* 
0.79* 
0.14* 
1.90* 
Clover (Nungarin) 
Visual assessments: 
July 7, 1981: Unifoliate leaf, dense ryegrass (three leaves) in clover 
August 27, 1981: Flowering two to three weeks. Appears to be molybdenum 
response, 500 g Mo0 3/ha or 0.5 t lime/ha equally 
effective 
September 16, 1981: Molybdenum response. Needed more than 1.0 t lime/ha (no 
Mo) to give equivalent growth to applying molybdenum 
Nodulation (August 26, 1981) 
Parameter t CaC03/ha 
0 
% plants nodulated 100 
Mean nodule size (mm) 1. 78 
Mean·nodule score 3.4 
Number of plants 160 
g/50 single plants 10.8 
Clover seed ::£ield (kg/ha) 
t Caco 3;ha 
g Moo 3;ha 0 
0 58 
500 58 
Vegetative yield (kg/ha) (September 22, 1981) 
0 
500 
0 
540 
565 
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(-Mo) Effect of lime 
3.08 significant? 
99 NS 
1. 72 NS 
3.7 NS 
159 
11.9 NS 
3.08 Significance 
65 
NS 
t CaC03/ha 
0.38 0.77 1.54 
585 560 600 
575 
81M02/3831EX 
"Wheat growth on acid soil - problem definition" 
F. and P. Moore, Kirwan 
Sown: May 28, 1981 Gamenya 45 kg/ha 
Lime: Topdressed April 15, 1981 
Fertilisers: Super cuzn 190 kg/ha 
KCl 76 kg/ha 
Agran 76 kg/ha 
Visual assessment: 
July 7, 1981: Three to 3.5 leaves 
August 27, 1981: Stage 6 to 7. Molybdenum response apparent in some blocks 
- patchy crop 
September 16, 1981: Stage 10.5.2. Appeared to be molybdenum response in 
Block 2. Could not pick any differences consistent with 
treatment in Blocks 1 and 3. Patchy and poor growth in 
Block 1. 
Vegetative yields (October 13, 1981) 
t lime/ha ( -Mo) 
0 
4 
Grain yield (kg/ha) 
g Mo0 3/ha 
0 
500 
Mean 
0 
315 
580 
447 
0.5 
416 
488 
452 
Statistical analysis: 
t = 0.887 NS 
t CaC03Lha 
1.0 
466 
475 
471 
Lime effect 
kg DM/ha 
2.0 
418 
506 
462 
1539 
1644 
- NS 
Molybdenum effect - ** (p 
Lime x molybdenum - NS 
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4.0 Mean 
413 406 
481 506 
447 456 
0.005) 
81M03/3831EX 
"Clover establishment on acid soil - problem definition" 
Lime: Topdressed April 15, 1981 
Sown: May 28, 1981 Nungarin 18 kg/ha 
Fertiliser: Super CuZn 190 kg/ha 
KCl 76 kg/ha 
Clover (Nungarin) 
Visual assessment: 
July 7, 1981: One trifoliate leaf 
August 27, 1981: Flowering about three weeks. Well established. 
Uninoculated plots poor 
September 16, 1981: No Mo, lime or inoculation response apparent 
Nodulation 
Parameter t lime/ha (-Mo) Effect of lime 
0 4.00 significant? 
% plants nodulated 100 100 NS 
Mean nodule size (mm) 1.20. 1.20 NS 
Mean nodule score 3.8 3.8 NS 
Number of plants 161 165 
g/50 single plants 14.1 17.0 NS 
kg seed/ha 51 50 NS 
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80NA3/3831EX 
"Acid soil - problem definition" 
R. Knapp, Darkan 
Sown: June 18, 1981 
Seaton Park 20 kg/ha on old clover plots Moore 50 kg/ha on old 
oat plots 
Fertiliser: Super 95 kg/ha 
Agran 145 kg/ha 
Soil analyses 
tCaC03/ha Soil pH 
1:5 H20 1:5 KC! 
1980 1980 
0 5.3 4.2 
0.40 5.4 4.3 
0.81 5.6 4.6 
1.62 5.9 4.9 
3.24 6.0 5.0 
1980: Soil sampled July/August 1980 
1981: Soil sampled February/March 1981 
1980 KC! exchangeable cations 
(meq/100 g soil) 
ea Mg Al 
2.28 0.65 0.18 
2.90 0.82 0.16 
2.90 0.70 0.06 
3.30 0.67 0.03 
3.80 0.80 0.05 
1980 pH (H20): 0.22 units/t CaC03/ha (r 2 = 0.89) 
1981 pH (KC!): 0.27 units/t CaC03/ha (r2 = 0.89) 
Two replicates 
Oats 
Visual assessments 
September 14, 1981: Stage 7. Oats with no lime (with or without Mo) were 
paler or were rated as less than other treatments in 
Blocks 1 and 2 
Vegetative yields (October 16, 1981) 
t CaC03/ha (-Mo) 
Grain yield 
0 
1.62 
Not harvested due to severe lodging. 
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Vegetative yield (kg DM/ha) 
4694 
5043 
Clover 
Visual assessments: 
September 14, 1981: Just flowering. Very patchy ("site waterlogged until 
recently" - farmer). No responses apparent 
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80NA4/3831EX 
"Acid soil - problem definition" 
T. Elsegood, Yealering 
Sown: June 12, 1981 Nungarin 25 kg/ha on old clover plots 
Gamenya 50 kg/ha on old wheat plots 
Fertiliser: Super 95 kg/ha 
KCl 55 kg/ha 
Agran 95 kg/ha 
Soil analyses 
tCaC03/ha Soil pH 
1:5 H20 1:5 KCl 
1980 KCl exchangeable cations 
(meq/100 g soil) 
1980 1980 ea Mg Al 
0 5.5 4.6 1.22 
0.40 5.5 4.8 1.22 
0.81 5.6 4.8 1.42 
1.62 5.8 5.0 1.62 
3 .• 24 6.0 5.7 1.65 
Soil sampled July/August 1980 (two replicates) 
pH (H20): 0.19 units/t CaC03/ha (r 2 = 0.98) 
pH (KCl): 0.33 units/t CaC03/ha (r2 = 0.98) 
Two replicates 
Wheat 
Visual assessment 
0.38 0.04 
0.38 0.04 
0.38 0.03 
0.32 0.02 
0.35 0.02 
July 8, 1981: 
September 14, 1981: 
One to two leaves, sparse capeweed and clover 
Stage 10. No responses apparent 
Vegetative yields (October 21, 1981) 
t caco 3;ha (-Mo) 
0 
1.62 
Vegetative yield (kg DM/ha) 
1808 
1917 
t = 1.226 NS 
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Grain yield (kg/ha) 
g Mo03/ha 
0 
500 
Mean 
Statistical 
Clover 
Visual assessment 
July 8, 1981: 
t CaC03 ha 
0 0.40 0.81 1.62 3.24 
551 548 514 555 542 
603 521 484 559 562 
577 534 499 557 552 
analysis: Lime effect - NS 
Molybdenum effect - NS 
Lime x molybdenum - NS 
Cotyledons. Bromegrass very dense, tillering, four 
leaves on main stem up to very large plants 
September 14, 1981: Floweing. No responses apparent 
-so-
Mean 
542 
546 
544 
81N06/3831EX 
"Wheat growth on acid soil - problem definition" 
A. Lundy, Cunderdin 
Sown: June 3, 1981 Gamenya 50 kg/ha 
Lime: 0, 0.5, 1.0, 2.0, 4.0 t/ha on April 1, 1981 
Fertiliser: Super CuZn 210 kg/ha 
KCl 75 kg/ha 
Agran 75 kg/ha 
Herbicides: July 20, 1981 Brominil M 1.4 1/ha 
Hoegrass 1.25 1/ha 
Wheat 
Visual assessment 
July 7, 1981: Two to three leaves. Ryegras four leaves. Doublegee two 
to three leaves. 138 plants/m2. 
August 7, 1981: No response apparent 
September 2, 1981: Stage 7. No response apparent 
Vegetative yields (October 15, 1981) 
t lime/ha ( -Mo) Vegetative yield (kg DM/ha) 
0 
2 
t = 4.708 (p 0. 05) 
Vegetative yield (November 9, 1981) - second sampling 
Yield kg/ha 
0 
250 
Mean 
0 
5256 
6026 
5641 
0.5 
5423 
5962 
5692 
t lime 3 ha 
1.0 2.0 
5769 5953 
5765 5966 
5767 5960 
Statistical analysis: Lime effect - NS 
Molybdenum effect - NS (p 
Lime x molybdenum - NS (p 
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4552 
5363 
0. 25) 
0.25) 
4.0 
5714 
5406 
5560 
Mean 
5624 
5825 
5724 
Grain yield (kg/ha) 
g Mo03/ha t Caco 3 ha 
0 0.5 1.0 2.0 4.0 Mean 
0 2145 2238 2253 2222 2284 2228 
250 2284 2284 2253 2392 2145 2272 
Mean 2214 2261 2253 2307 2214 2250 
Statistical analysis: Lime effect - NS 
Molybdenum effect - NS 
Lime x molybdenum - NS 
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lX;,t 
81N07/3831EX 
"Clover establishment on acid soil - problem definition" 
A. Lundy, Cunderdin 
Dry sown: May 18, 1981 Nungarin 20 kg/ha 
Lime: Applied April 1, 1981 
Fertiliser: Super Cuzn 190 kg/ha 
KCl 75 kg/ha 
Herbicides: July 20, 1981 Gramoxone 400 ml/ha + 1% wetting agent (50-75% of 
clover leaves burnt, clover set back) 
Visual assessment 
July 7, 1981: 
August 7, -1981: 
September 2, 1981: 
TWo to three trifoliate leaves. 250 plantsjm2. 
No response apparent 
Flowering (about three weeks). No response apparent 
Nodulation (August 7, 1981) 
Parameter t lime3/ha (-Mo) Effect of lime 
0 2.0 significant? 
% plants nodulated 100 100 NS 
Mean nodule size (mm) 2.38 1.66 ** 
Mean nodule score 3.8 4.2 * 
Number of plants 165 165 
g/50 single plants 8.6 10.9 NS 
Clover seed :t:ield (kg/ha) 
t lime 3/ha 
g Mo0 3/ha 0 2.0 Significance 
0 114 120 NS 
500 126 
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79TS1/1616EX 
"Definition of wodgil soil problem - clover" 
D. Spencer, Perenjori 
Sown: June 5, 1981 Nungarin 20 kg/ha 
Fertiliser: Super lOO kg/ha 
KCl 100 kg/ha 
Soil analyses 
tCaC03/ha Soil pH 
1:5 H20 1:5 
1980 1980 
1981 
KCl Al 
1981 extr. in 
1:5 KCl 
(ppm) 
0 5.1 4.3 4.4 23 
1.4 5.6 4.9 4.8 7 
2.9 5.6 4.9 4.9 5 
1980: Soil sampled July/August 1980 
1981: Soil sampled February/March 1981 
1980 pH (H20): 0.14 units per t CaC03/ha 
1980 pH (KCl) : 0.15 units per t CaC03/ha 
l98l(KC1): 0.13 units per t CaC03/ha (r2 
Clover (Nungarin) 
Visual assessment: 
July 6, 1981: One trifoliate leaf 
1980 KCl exchangeable cations 
(meq/100 g soil) 
ea Mg Al 
1.05 0.23 0.26 
1.65 0.25 0.06 
1.63 0.20 0.07 
= 0.89) 
August 13, 1981: 
September 17, 1981: 
Just flowering.· No responses apparent 
Appeared to be a molybdenum repsonse 
Nodulation 
Parameter 
%-plants nodulated 
Mean nodule-size (mm) 
Mean nodule score 
Number of plants 
g/50 single plant tops 
kg seed/ha 
t caco3;ha (-Mo) 
0 2.9 
99 lOO 
1.57 1.52 
3.3 3.7 
153 158 
5.14 6.40 
7.83* 7.0 
* One replicate only 
Others - three replicates 
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Effect of lime 
significant? 
NS 
NS 
NS 
NS 
79TS2/1616EX 
"Definition of wodgil soil problem - wheat" 
D. Spencer, Perenjori 
Sown: June 5, 1981 Gamenya 50 kg/ha 
Fertiliser: Super 100 kg/ha 
KCl 50 kg/ha 
Agran 100 kg/ha 
Soil analyses (February 1981) 
t lime/ha Soil pH (1:5 KCl) 
0 
2 
Wheat (Gamenya) 
1980 plant analysis (whole tops) 
t CaC03/ha g Mo03/ha % N 
0 0 3.55 
200 3.16 
2 0 3.63 
200 3.44 
4.3 
4.8 
% p 
0.30 
0.28 
0.34 
0.32 
% ea 
0.46 
0.40 
0.52 
0.51 
Sampled: July 22, 1980 (two replicates) 
* One replicate only 
Visual assessment 
July 6, 1981: Three leaves 
Al extract in 
1:5 KCl {ppm) 
31 
7 
ppm Mn ppm Mo 
99 0.10* 
105 0.26* 
86 0.27* 
82 0.77* 
August 13, 1981: Stage 4. Block 1 limed plots were paler than unlimed 
plots 
September 17, 1981: Stage 10.5.1. Appeared to be molybdenum response (Blocks 
2 and 3) 
-ss-
7{:; k. 11-· 1'-t' 
Vegetative yields 
(a) Sampled October 13, 1981 
t lime/ha (-Mo) kg DM/ha 
0 3114 
2 3714 
t = 40.143 (p 0.001) 
(b) Sampled November 4, 1981 
g Mo03/ha 
0 
200 
Mean 
Grain yield (kg/ha) 
g Mo03/ha 
0 
200 
Mean 
t lime/ha 
0 2.0 
2659 3244 
2692 2708 
2677 2977 
Lime = NS (p 0.50) 
Mo = NS (p 0. 25) 
Lime x Mo = NS (p 0. 25) 
t lime/ha 
0 2.0 
1003 
1102 
1053 
1053 
1049 
1051 
Mean 
1028 
1076 
1052 
Statistical analysis: Lime effect - NS 
Molybdenum effect - NS (p 
Lime x molybdenum - NS (p 
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Mean 
2951 
2700 
2826 
0 .10) 
0.10) 
80TS6/3831EX 
"Acid soil - problem definition" 
J. Mills, E. Perenjori 
Sown: June 3, 1981 Gamenya 50 kg/ha on old wheat plots 
Nungarin 20 kg/ha on old clover plots 
Fertiliser: Super lOO kg/ha 
KCl 50 kg/ha 
Agran lOO kg/ha 
Soil analyses 
tCaC03/ha Soil pH 1981 1980 KCl exchangeable cations 
1:5 H20 1:5 KCl Al 
1980 1980 1981 extr. in 
1:5 KCl 
(ppm) 
0 4.8 4.2 4.3 15 
0.38 5.2 4.4 4.4 10 
o. 77 5.3 4.6 4.9 . 6 
1.54 5.5 4.8 5.0 2 
3.08 5.6 5.1 5.3 1 
1980: Soil sampled July/August 1980 
1981: Soil sampled February/March 1981 
1980 pH (H20): 0.22 units/t Ca C03/ha (r 2 = 0.79) 
pH (KCl): 0.29 units/t CaC03/ha (r2 = 0.93) 
1981 pH (KCl): 0.32 units/t CaC03/ha (r 2 = 0.85) 
Wheat (Gamenya) 
1980 plant analysis (whole tops) 
t CaC0 3/ha g Mo0 3/ha % N % p % ea 
0 0 3.51 0.28 0.46 
500 3.30 0.26 0.40 
0.38 0 3. 72* 0.31* 0.48* 
3.08 0 3. 2.2 0.28 0.42 
500 3.29 0.29 0.42 
(meq/100 g soil) 
Ca Mg Al 
1.05 0.20 0.34 
1.12 0.17 0.16 
1.22 0.17 0.14 
1.51 0.22 0.16 
1.58 0.18 0.04 
ppm Mn ppm Mo 
205 0.07* 
180 0.69* 
180* 
155 0.14* 
155 2.7* 
Sampled: July 22, 1980 (two replicates) 
* One replicate only 
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Visual assessment 
July 6, 1981: 
August 20, 1981: 
Three to four leaves, second tiller just emerging. 220 
plants/m2. 
Stage 6. No response apparent 
September 16, 1981: Stage 10.5.3 to 10.5.4 
Block 1 - No response 
Block 2 - Possibly a molybdenum response 
Block 3 - Molybdenum response 
Vegetative yield 
(a) August 20, 1981 
t CaC03/ha (-Mo) 
0 
1.54 
3.08 
(b) October 13, 1981 
t CaC0 3/ha (-Mo) 
0 
1.54 
Grain yield (kg/ha) 
g Mo0 3/ha 
Two replicates 
g/50 plants 
43.2 
45.8 
38.4 
Vegetative yield (kg DM/ha) 
Three replicates 
t = 0.216 NS 
t CaC0 3 ha 
2368 
2422 
0 0.38 o. 77 1.54 3.08 Mean 
0 
500 
Mean 
719 
840 
780 
Statistical analysis: 
778 827 827 
831 877 926 
804 852 877 
Lime effect - * (p 
Molybdenum effect - NS (p 
Lime x molybdenum - NS {p 
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0.025) 
0.10) 
0.25) 
790 
715 
753 
788 
837 
813 
Clover (Nungarin) 
Visual assessment: 
July 6, 1981: First trifoliate leaf 
August 20, 1981: Very dense capeweed. No ratings made 
September 16, 1981: No response apparent 
Nodulation August 20, 1981 
Parameter 
% plants nodulated 
Mean nodule size (mm) 
Mean nodule score 
Number of plants 
g/50 single plant tops 
kg seed/ha 
* 
t CaC03/ha 
0 
79 
1.44 
1.8 
165' 
2.2 
4.9 
Missing plots 
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(-Mo) 
1.54 
86 
1.17 
2.0 
178 
1.8 
* 
Effect of lime 
significant? 
NS 
NS 
NS 
NS 
81TSl/3831EX 
"Wheat growth on acid soil - problem definition" 
Mason Bros., "Whitewells", Perenjori 
Sown: June 5, 1981 Gamenya 50 kg/ha 
Lime: Topdressed April 28, 1981 
Fertilisers: Super cuzn 200 kg/ha 
KCl 75 kg/ha 
Agran 75 kg/ha 
Herbicides: June 9, 1981 Sprayseed 
July 16, 1981 Hoegrass 
Visual assessment 
July 6, 1981: Two to three leaves. Ryegrass very small. 
No lime: 168/m27 2 t lime/ha: 112/m2. 
Stage 6. No response apparent 
Plant density: 
August 19, 1981: 
September 17, 1981: No response apparent 
Vegetative yield 
(a) August 20, 1981 
g/48 single plant tops 
(b) October 13, 1981 
t lime/ha (-Mo) 
0 
2 
0 
56 
t lime/ha ( -Mo) 
2.0 
55 
4.0 
51 
Vegetative yield (kg DM/ha) 
Three replicates 
t = 3.128 NS 
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3375 
3938 
(c) November 3, 1981 
g Mo0 3/ha t limeiha 
0 0.5 1.0 2.0 4.0 Mean 
0 3415 3553 3739 3858 3850 3683 
250 3517 3756 379S 4068 3836 3794 
Mean 3466 3654 3767 3963 3843 3738 
Statistical analysis: Lime effect - ** (p 0. 01) 
Molybdenum effect - NS (p 0.25) 
Lime x molybdenum - NS 
Grain yield (kg/ha) 
g Mo03/ha t limeiha 
0 0.5 1.0 2.0 4.0 Mean 
0 978 1120 1164 1280 1170 1123 
250 1139 1216 1231 1247 1262 1219 
Mean 1055 1168 1198 1216 1216 1171 
Statistical analysis: Lime effect - ** (p 0.005) 
Molybdenum effect - *** (p 0.001) 
Lime x molybdenum - NS 
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81TS2/3831EX 
"Clover establishment on acid soil - problem definition" 
Mason Bros., "Whitewells", Perenjori 
Lime: Topdressed April 28, 1981 
Sown: June 5, 1981 Nungarin 20 kg/ha 
Fertiliser: Super cuzn (A) 200 kg/ha 
KCl 75 kg/ha 
Herbicides: Sprayseed June 9, 1981 
Hoegrass June 16, 1981 
Visual assessment: 
July 6, 1981: Up to one trifoliate leaf, patchy emergence 
August 19, 1981: Flowering about one week, inoculation response, no lime or 
molybdenum response 
Nodulation 
Parameter t lime/ha (-Mo) 
0 2 
% plants nodulated 96 lOO 
Mean nodule size (mm) 2.07 1.88 
Mean nodule score 
Number of plants 
g/50 single plant 
Clover seed yield 
3.3 3.6 
147 162 
tops 18.2 16.9 
(kg/ha) 
t lime/ha 
g Mo03/ha 0 0.5 1.0 2.0 4.0 
0 32.7 44.7 55.0 42.0 
250 38.0 40.3 31.7 33.0 
Mean 35.3 42.3 43.3 37.5 
Statistical analysis: Lime effect - NS 
Mo effect - * 
Lime x Mo - NS 
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56.3 
42.3 
49.3 
Effect of lime 
significant? 
NS 
* 
NS 
NS 
Mean 
46.1 
37.1 
41.6 
81TS30/3831EX 
"Variation in crop tolerance of top-soil acidity and sub-soil acidity" 
Mason Bros., "Whitewells", Perenjori 
Lime: Quicklime 1 t/ha 
Fertiliser: Super CuZnMo 200 kg/ha 
Agran 75 kg/ha 
(a co-operative trial with Dr Ian Barclay of PPD) 
Aims 
(1) To determine whether sub-soil acidity is a factor influencing yields on 
two acid soils in the north eastern wheatbelt 
(2) To obtain a first approximation of the potential yield increases which 
can be expected from introducing acid tolerant crops or varieties into 
soils with acid sub-soils and top-soils or with acid sub-soils only. 
Procedure 
Overview: 
A range of crops and varieties were chosen to include a wide range pf 
tolerance to aluminium toxicity. These were grown on four sites 30 km east of 
Perenjori. The sites were chosen to have either very acid sub-soils (sites 4G 
and 4NG) or non-acid sub-soils. The relative positions and acidities of these 
sites are shown in Figure 1. The rationale of the trial was that if sub-soil 
acidity reduces the yield of crops in this area, then the difference in yield 
between the acid sites and the non-acid sites will vary depending upon the 
acid tolerance of the crop. ' The more tolerant of acidity a crop is, the 
smaller would be the difference between its yield of a non-acid site and to 
yield at an acid site. The effect of sub-soil acidity was separated from the 
joint effects of sub-soil and top-soil acidity by liming half the blocks. 
Crops and varieties: 
Fifty genotypes were used (Table 1). Twenty wheat varieties from the Plant 
Production Division's breeding programme for Septoria resistance were selected 
on the basis of their aluminium tolerance (tested by Lorelle Cargeeg and 
Rodger Boyd at the University of W.A.). The most tolerant varieties (rating 
four) probably do not display as much tolerance as the most tolerant wheats 
available. They were selected because they had acid tolerance and would yield 
relatively well at the field site. Of the recommended wheats used, Halberd, 
Gamenya and Tincurrin have been shown by Scott and Fisher (Aust. Field Crops 
Newsletter, 1979, p. 17-20) to be moderately susceptible to aluminium toxicity 
(my rating 3)'. The other recommended varieties used (Miling, Madden Bodalin) 
have been arbitrarily lumped into the same tolerance rating. 
The tolerance ratings assigned to the other crops are based on evidence from 
other States and countries. 
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Figure 1. 81TS30 layout and soil pH of sites 
Site 4NG* Site 4G* Site 5 Site 8 
Sample Depth Lime pH pH pH pH pH pH pH pH 
tool (cm) (H20) (KCl) (H20) (KC!) (H20) (KC!) (H20) (KC!) 
Pogo 0-10 4.8 4.0 5.3 4.6 6.0 5.1 5.7 4.8 
0-10 + 6.2 5.6 6.1 5.6 7.0 6.2 6.3 5.6 
Auger 0-10 4.6 3.9 4.9 4.2 6.4 5.3 5·.8 4.8 e 10-30 4.1 3.7 4.4 3.9 6.9 5.8 7.0 5.5 
30-60 3.9 3.4 3.8 3.6 8.1 7.0 8.6 7.6 
60-100 4.0 3.6 3.8 3.6 9.3 7.9 9.3 8.0 
*NG = No gravel in profile 
G = gravel within 20 cm of surface 
-64-
Table 1. Crops used in trial and their relative tolerance of aluminium 
toxicity 
Crop Aluminium tolerance Number of 
rating* varieties 
Barley 
Wheat 
Oats 
Triticale 
Lupins 
Cereal rye 
1 
2 
3** 
4 
5 
5 
5 
6 
* The bigger the number the more tolerant 
** Includes six recommended varieties 
5 
8 
11** 
7 
5 
7 
5 
2 
Table 2. Yield of crop groups and yield without lime as a percentage of yield 
with lime at four sites 
Al Site 4NG Site 4G Site 5 Site 8 
Crop tolerance Yield -Lime Yield -Lime Yield -Lime Yield -Lime 
rating (+lime) as % of (+lime) as % of (+lime) as % of (+lime) as % of 
(kg/ha) + lime (kg/ha) + lime (kg/ha) + lime (kg/ha) + lime 
Barley 1 206 22 494 88 1812 95 1211 127 
Wheat 
- susc. 2 264 34 583 94 1611 84 1470 lOO 
- int. 3 398 36 967 91 1428 88 1370 104 
- recom. 3 389 24 993 76 1468 92 1405 105 
- tol. 4 412 34 1160 78 1521 93 1537 98 
Oats 5 417 68 1554 76 1186 94 885 129 
Triticale 5 530 97 1149 81 1193 94 1296 91 
Lupins 5 3 700 377 75 424 95 0 
Cereal rye 6 407 89 699 59 580 113 741 93 
Results 
Good· yields were obtained by most varieties at three of the sites (Table 2). 
All crops grew poorly at site 4NG. All lupins grew poorly at all sites as did one 
variety of cereal rye (Weethalle) • Barley and acid susceptible wheats yielded 
poorly at site 4G. 
Large responses to lime application occurred on site 4NG, smaller responses on 
site 4G and little or no response occurred on sites 5 and 8 (Table 2) • 
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Most crops yielded less on the acid sites than on the non-acid sites (Table 2). 
If the crops are grouped into tolerance classes and yields at the acid sites 
expressed as a percentage of their yield at the non-acid site 5 (Table 3) it can 
be seen that the yield reduction was less for acid tolerant crops than for acid 
susceptible crops. Sub-soil acidity therefore, is probably an important factor 
affecting crop yields in the area of this trial. A significant observation is 
that if the acid tolerance of recommended wheat varieties could be increased to 
that of oats and triticale then the wheat yield at site 4NG would be doubled 
(though it would still be low)· and at site 4G would be increased by 60 per cent. 
Table 3. Yield reduction in relation to acid tolerance of cereals two sites 
with acid sub-soils · 
Aluminium Yield at acid site as a percentage 
Crops tolerance of yield at non-acid site(3) 
rating (2) Site 4NG Site 4G 
Barley 1 8 27 
Wheat - susceptible(l) 2 11 35 
- intermediate(l) 
recommended 3 17 62 
- tolerant(l) 4 19 68 
Oats, triticale 5 38 100 
Cereal rye 6 61 92 
(1) Estimated in laboratory 
(2) 1 = intolerant, 6 = very tolerant 
(3) All top-soils were limed to ensure yield differences were not due to 
top-soil acidity. Gamenya yields: Site 4NG - 260 kg/ha: Site 4G - 890 
kg/ha 
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